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SUMMARY 
Two grades of boron ni t r ide and a boron ni t r ide composite were 
subjected t o  temperatures up t o  1500°C i n  a i r  and up t o  2000°C i n  a 
vacuum of 10’’ torr f o r  various periods of time. 
were made with four refractory oxides, JTA graphite composite, and 
f ive refractory metals at  temperatures up t o  l8Oo0C. 
showed that composition influences thermal shock and oxidation 
Compatibility tests 
The results 
resistance of boron ni t r ide bodies. L i t t l e  o r  no reaction occurred 
between the boron ni t r ide compositions and the refractory ceramics 
a t  temperatures up to 1500°C and the refractory metals at  teqeratures 
up t o  lOoo0C. 
INTRCODUCTIOM 
The Langley Research Center of the mAsA has recently completed a 
The objective of study of boron nit r ide and boron nitride composite. 
th is  investigation was t o  characterize the t h e m 1  shock, oxidation 
qualities and compatibility of these boron ni t r ide canpositions. 
materials are homogenious mixtures of boron nit r ide,  boric oxide, and/or 
titanium diborj.de with minor addition of calcium oxide and/or calcium 
borate i n  one of the compositions. Two boron ni t r ide  bodies, H M  &d 
HBR, and one composite, HDA, were investigated i n  this study. 
These 
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Interest  in new boron ni t r ide compositions is  based on a continuing 
need for  improving the effeciency of f ac i l i t i e s  and structures using 
these materials. 
f o r  space vehicles, components such as microwave antennas, leading 
Arc j e t  engines, plasma accelerators, power supplies 
' edges for aerospace vehicles, and XU? (radio f'requency) windows for 
deep &ace interplanetary vehicles are f a c i l i t i e s  and structures which 
employ o r  are considering use of bomn ni t r ide materials (reference 1-5). 
The data presented here are  results of thermal shock, s t a t i c  
oxidation, and compatibility tests. The thermal shock t e s t s  were 
perf'omed in  air; the s t a t i c  oxidation and compatibility tests were 
performed i n  a i r  and vacuum. Compatibility was determined between 
the boron ni t r ide compositions and several commonly used high-temperature 
refractory ceramics, metals, and metal alloys. 
The nominal composition of the three bodies investigated is 
shown i n  table I. 
these bodies, boron, nitrogen, oxygen, and carbon, a significant 
I n  addition t o  the components normally found i n  
amount of t i t an ium was used t o  produce the boron n i t r ide  composite 
HDA,while a small amount of calcium was added t o  produce HBR. The 
specimens used i n  this  study were small, square pieces l/2-inch on a 
side by 1/8-inch thick, cut f r o m  stock that had been dr ied and packaged 
i n  moisture-proof packages by the vendor. 
boric oxide,present i n  the boron n i t r i d e  compositions. a l l  specimens 
To minimize the  hydration of 
\ 
were placed i n  a desiccator after machining. 
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A cold-wall 2O0O0C combination atmosphere or  vacuum furnace 
and a hot-wall ver t ica l  tube furnace were used in all of the t e s t s .  
Tests i n  vacuum were performed i n  the cold-wall Runace while the 
hot-wall furnace was used for  t e s t s  a t  ambient pressure. 
Thermal Shock Tests 
Thermal shock specimens were tested a t  ambient pressure i n  air. 
To observe the effect  of a humid atmosphere, normally detrimental t o  
the thermal shock qualit ies of boron nitxI.de (reference 6), spechens 
i n  t h i s  investigation were subjected t o  roo111 temperature conditions 
of approximately 25OC and a relative humidity of 85 percent for  7 days 
pr ior  t o  thermal shock treatment. Specimens were suspended by a 
platbum wire into a precalibrated hot zone of the ver t ical  tube 
furnace, soaked a t  l50O0C for  15 minutes, removed quickly, and cooled 
i n  ambient air. 
failed o r  were concluded i f  no fa i lure  occurred a f t e r  10 cycles. 
Thermal shock tests were repeated until a specimen 
Oxidation Tests 
Oxidation tests were performed i n  ambient air and a t  lo'* to r r .  
Specimens tested i n  amibient air  were removed from the desiccator, 
placed at  the end of the platinum wire, and lowered into the pre- 
calibrated heat zone of the ver t ical  tube furnace used in the thermal 
shock tests. All of the specimens were weighed and measured before 
and after testing. Test temperatures were 50O0C, 1000°C,and 1500°C 
a t  times varying between 4 and 16 hours. 
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The procedure followed i n  the reduced pressure tests was S i m i l a r  
t o  that of the ambient air tests except thek specimens Were placed i n  
the atmosphere furnace cold, heated to  the desired temperature, soaked 
at  that temperature, and then cooled t o  room temperature in the furnace. 
Temperature w88 monitored In the atmosphere f'umace with a thermocouple 
and a micro optical  pyrometer. 
to 2O0O0C a t  times varying between 4 and 16 hours. 
T e s t  temperatures ranged from 1000°C 
Compatibility T e s t s  
Compatibility tests were similar to the oxidation tests except 
t h a t  scrap metal or ceramic of the same composftion as that of the specimen 
being tested was used as a bufYer between the specimen and the specimen 
holder surface t o  prevent contaminating reactions. 
of one of the three boron ni t r ide bodies sandwiched between two pieces 
of ceramic having similar dimensions, or  between two pieces of metal 
or metal alloy 0.5 inches square by 0.02 Inches thick. 
wa8 
or metals, at temperatures of 500°C and 1000°C, and soak times ranging 
up t o  24 hours at ambient pressure and a t  temperatures between 500°C and 
1800°C for equal periods of t i m e  a t  loo5 torr. 
A specimen consisted 
Compatibility 
determined between the boron ni t r ide  bodies and the ceramics', 
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REsuL?s ANI) DISCUSSION 
Them1 Shock Tests 
Thermal shock t e s t a  were made on HBN, EBR boron nitride,  and HDA 
boron ni t r ide composite to observe the effects of composition and 
hydration of boric oxide (B 0 ) on spalling. 
2 3  
Figure 1 shows the thermal shock data i n  a bar graph of thermal 
shock cycles to fai lure  for the three materials tested. 
be seen that grade HBR boron nit r ide and boron n i t r i d e  composite FDA 
have better thermal shock resistance than HBN. 
and thermal expansion of HBR (reference 6) and the good thermal shock 
qualit ies contributed by titanium diboride (reference 7) and/or titanium 
oxide (reference 8) i n  HDA are believed to be the factors which gave 
these bodies good thermal shock resistance. 
It can readily 
The low moisture pickup 
Oxidation Tests 
T e s t  results on the  baron n i t r ide  bodies subjected t o  elevated 
temperatures a t  ambient; pressure i n  the ver t ical  tube furnace are 
presented i n  figures 2 and 3. The 50O0C tests showed no substantial 
change i n  weight due t o  oxidation. 
plotted against t i m e  far the three boron n i t r ide  bodies tested at  
1000°C a t  ambient pressure (760 torr). The HDA boron ni t r ide composite 
increased i n  weight a t  four hours followed by a gradual decrease i n  
weight with increasing t i m e .  The ElBN and HBFt specimens exhibited a 
continual decrease in weight with increasing t i m e .  The significant 
Figure 2 shows weight change percent 
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increase in weight noted i n  BDA was attributed t o  the foraoation of 
titanium oxide resulting from the oxidation of the large amount of 
titanium diboride (reference 7) present in HDA. 
experienced by BDA i n  the l a t t e r  portion of i ts  curve and through 
the lengths of the HBN and HBR curves was believed t o  resul t  From a 
two-6tep thermochemical reaction: (1) the oxidation of boron n i t r ide  
producing B 0 
(reference 10 and 11). 
ambient pressure showed very l i t t l e  variation i n  weight change percent 
(figure 3). 
of the boron n i t r ide  compositions, was due t o  the increase i n  vola t i l i -  
zation of the B 0 present i n  a l l  of these bodies and volati l ization 
of B 0 produced by oxidation of boron n i t r ide  a t  150O0C (reference 9). 
The weight loss 
(reference 9); (2) the volati l ization of the B 0 
Boron n i t r ide  bodies heated t o  1500°c a t  
2 3  2 3  
The large loss i n  w e i g h t  after four hours, noted I n  all 
2 3  
2 3  
To determine the effect  of reduced pressure on the boron ni t r ide 
compositions, specimens were heated i n  a vacuum of 
temperatures ranging from ~OOOOC t o  2 0 0 0 ~ ~ .  
in w e i g h t  was observed i n  the specilnens heated a t  1000°C. 
4 through 7 show the weight percent change result ing from heat 
treatment of the boron n i t r ide  bodies i n  the cold wall f'urnace under 
vacuum. The curves i n  figure 4 representing the three boron ni t r ide  
bodies heated a t  1500°C show variation i n  weight change a t  four hours 
but  l i t t l e  difference i n  weight change with increasing time. 
i n  weight realized by HBN a t  four hours was attributed to the oxidation 
t o r r  at  
NO significant change 
Figures 
The increase 
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process of boron n i t r ide  being i n i t i a l l y  stronger than the vaporization 
process of B 0 (reference 6 and 9 ) .  After eight hours, the three 
boron n i t r ide  compositions exhibited s i m i l a r  weight loss .  
suggested a decrease i n  oxidation of boron ni t r ide,  particularly i n  
HBN, and an increase i n  vaporization process of B 0 (reference 9). 
Curves of specimens heated t o  175OoC and 
l i t t l e  difference i n  weight change percent f o r  the RBR and HBN boron 
n i t r ide  bodies. A comparatively large change in  w e i g h t  was observed 
in the HDA boron n i t r ide  composite body. 
the weight loss i n  all of the boron ni t r ide compositions is believed 
t o  be, as discussed earlier, the oxidation of the boron n i t r i d e  
component,forming B 0 
B 0 present in the basic composition of  these boron n i t r ide  materials 
(reference 6 and 9).  
HDA plo t  i n  figure 5 was attributed t o  the added vaporization of 
the T%02 component of the;’bomn ni t r ide bodies produced by the 
oxidation of titanium diboride (reference E). 
2 3  
This 
2 3  
torr i n  figure 5 exhibit 
The process responsible fo r  
and the vaporization of t h i s  B 0 and the 
2 3’ 2 3  
2 3  
The excessive loss of weight observed i n  the 
Figure 6 displays data for  the three boron ni t r ide  bodies heated 
’bo 200O0C a t  
least weight change of the three boron n i t r ide  bodies tested. 
change varied f r o m  a loss of 12 percent f o r  HBR at  8 hours t o  
approximately 36 percent for  HDA heated f o r  the same period of time. 
torr. This curve shows that HBR suffered the 
Weight 
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Figure 7 varies f'rom the preceding s t a t i c  oxidatiou curves 
(figures 4 through 6) i n  that  weight change is  plotted against 
temperature a t  a constant heating t i m e  of eight hours. 
show t h a t  the HBR body was equal o r  be t te r  than HBN o r  HDA i n  
resistance t o  oxidation a t  all t e s t  temperatures. 
These curves 
Compa tabili t y  Tests 
I n  the compatability t e s t s ,  it was riot considered necessary t o  
verify the reactions o r  t o  ident i fy  new phases, since the obcject of 
t h i s  par t  of the Investigation was to  determine general temperature 
ranges within which the various refractory ceramics, metals, and metal 
alloys could be safely used i n  contact with HBN, HRH, o r  HDA. Visual 
evidence of reaction was considered sufficient basis for  establishing 
the inadequacy of a part icular  combination. 
Reactions were observed between the three boron n i t r ide  bodies 
and the following ceramic refractor ies  : 
Mat e rial Symbol 
2 irconia 2"2 
Magnesia Mgo 
A lumina *Q03 
Si l i ca  siog 
JTA C,  Zr%, SIC 
(graphite, zirconium, 
diboride, and s i l icon  
carbide ) 
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Reactions were also observed between the following refractory metals 
and metal alloys: 
Material 
Tungsten 
Tantalun 
0.5% titanium 
o .ofl zirconium 
balance molybdenum 
8% aluminum 
1% molybdenum 
1% vanadium 
balance titanium 
1 6  tungsten 
$ zirconium 
balance niobium 
1 
1 
Symbol 
W 
Ta 
m 
titanium 811 
niobium 752 
The degree of reaction between the various refractory materials 
and the boron nitride compositions was characterized by graphic symbols. 
86 shown on figures 8 through 14. 
(1) Slight reaction as designated by cross hatching was characterized 
by roughening and distortion of interface surfaces that were originally 
s m t h  before heat treatment; (2) fhsion was characterized by the 
sticking and, in some cases, difftmion of one or both materials through 
the material interface; (3)  destructive reaction was characterized by 
extensive distortion or severe fracture on one or both materials making 
up a test specimen indicating complete incompatibility. 
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No reactions were observed between the three boron n i t r ide  bodies 
and the reh-actory ceramics tested at  50O0C axibient pressure. 
show that reactions did take place between the boron ni t r ide bodies 
and refractory ceramics at  1000°C and ambient pressure. S i l i c a  was 
the most reactive, while JTA and alumina showed the least reaction. 
Figure 8 
No visual evidence of reaction between boron n i t r ide  compositions 
and the refractory ceramics was present when exposed t o  a vacuum of 
Slight reactions, torr a t  50O0C or  1000°C fo r  up t o  24 hours. 
exhibited in figure 9, were observed between HNB and magnesia and 
HBR and magnesia at  150O0C. 
n i t r ide bodies, varying from slight reactions wlth JTA graphite 
composite a t  
reactions with alumina and silica a t  
four to eight hours. 
zation, displayed only s l igh t  interfacial  reactions with the boron 
ni t r ide bodies. 
Figure 10 shows reactions of the boron 
torr and 175OoC after 24 hours, t o  destructive 
t o r r  and 175OoC after 
The zirconia and magnesia, except for  vapori- 
Magnesia exhibited no reaction with RDA. 
Results presented in figure 11 show that reactions took place 
a t  the interface between the  metals and m e t a l  al loys and HBN and HnA 
at 500°C and 760 torr. 
HBR and any of the metal and m e t a l  alloys. 
cornpatability specimens tested a t  15OO0C and loo5 torr i n  figure 12 
show8 reactions varying; from slight to destructive fo r  a l l  of the 
metal and metal alloys and boron n i t r ide  combinations except f o r  
niobium 752. 
boron nitride bodies within the 24-hour test period. 
No reaction, however, was observed between 
V i s u a l  examination of 
The niobium al loy showed no reaction w i t h  any of the 
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I n  figure 13, it was observed thet reactions occurred between 
al- of the boron ni t r ide  compositions and the refractory m e t a l s  and 
metal allays a t  l6OO'C and lom5 torr. 
CONCLUDING RsiIARKs 
The results of the study of thermal shock, s t a t i c  oxidation, and 
conpatability of HBN and HBR boron ni t r ide and HIlA boron n i t r ide  
composite are as follows: 
b. Grade KBR boron n i t r ide  and boron n i t r ide  composite, HDA, 
show good resistance t o  thermal shock when subjected t o  a humid 
atmspfaere before testing. 
the same test conditions. 
Kk3N is very poor i n  thermal shock under 
2. HDA exhibits good resistance to oxidation a t  1000°C and 
760 torr. 
vaporization than HEN o r  HDA with increasing temperature a t  
HBR shows better resistance to  oxidation and/or 
10-5 torr. 
3. HBR is  compatible (shows no interfacial reaction) with the 
refractory metals tested at 500°C and 760 torr. 
4. HEN, KBR, and HDA are compatible (show no Interfacial  reaction) 
with all of the refractory ceramics tested, except magnesia, a t  
torr up to l!30°C and with all of the metals and m e t a l  alloys tes ted 
at  lo-* torr up ts iooooc. 
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Figure 1.- Thermal shock resistance of HBN, HBR, and HDA, quick heated 
to 1500° C and cooled in air. 
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Figure 2.- S t a t i c  ox ida t ion  t e s t  results f o r  boron n i t r i d e  compositions 
a t  1000° C and 760 t o r r .  
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Figure 3.- Static oxidation test results for boron nitride compositions 
a t  1300~ C and 760 torr. 
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Figure 5 . -  S t a t i c  ox ida t ion  t e s t  results f o r  boron n i t r i d e  compositions 
a t  1750' C and 10-5 t o r r .  
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Figure 6.- S t a t i c  oxidat ion t e s t  r e s u l t s  for boron n i t r i d e  compositions 
a t  2000' C and 10-5 t o r r .  
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